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We study units of twisted group algebras. Let G be a ﬁnite group and K be a
ﬁeld of characteristic p > 0. Assume that K is not algebraic over a ﬁnite ﬁeld. We
determine when units of KtG do not contain any nonabelian free subgroup. We
also discuss what will happen when G is locally ﬁnite. For twisted group algebras
of locally ﬁnite groups over any inﬁnite ﬁeld of characteristic p > 0, we character-
ize those twisted group algebras with units satisfying a group identity. Finally, we
include a new characterization for twisted group algebras to satisfy a polynomial
identity.  2002 Elsevier Science (USA)
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1. INTRODUCTION
Given a ring R, let UR denote the group of units in R. We are inter-
ested in the following two problems:
(I) When does UR contain a nonabelian free subgroup?
(II) When does UR satisfy a group identity?
In this paper, we study these two problems for units of twisted group
algebras.
Recall that a group U is said to satisfy a group identity if there
exists a nontrivial word w = wx1
    
 xn in the free group generated
by x1
    
 xn, such that wu1
    
 un = 1 for all u1
    
 un ∈ U . For
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convenience and following [GPb], we say that a group U is two-related
if it does not contain any nonabelian free subgroup. It is obvious that if
U satisﬁes a group identity, then it is two-related. Also, the properties of
being two-related and satisfying a group identity are closed under taking
subgroups and homomorphic images.
There are many results in the literature about Problem (I). For the alge-
bra M2K of 2 by 2 matrices over a ﬁeld K of characteristic 0, Sanov
[San47] proved that in its unit group GL2K

(1 2
0 1
)
, and
(1 0
2 1
)
generate
a nonabelian free subgroup. Following a result of Tits [Tit72], we see
that for n > 1
GLnK either is solvable by locally ﬁnite or it contains
a nonabelian free subgroup. Hartley and Pickel [HP80] characterized when
the unit group of an integral group ring contains a nonabelian free sub-
group. Moreover, Gonçalves [Gon84] studied the same problem for group
algebras over arbitrary ﬁelds. Under certain conditions, Gonçalves and
Passman [GP96] showed that in a group algebra over a ﬁeld of charac-
teristic p > 0, the group of units actually contains the free product of three
cyclic groups of order p. Recently, a paper by Gonçalves and Passman
[GPa] got more detailed information on free units of group algebras. Also,
Gonçalves and Mandel [GM] studied free subgroups in units of twisted
group algebras.
Recall that a twisted group algebra KtG of the group G over the ﬁeld
K is a vector space with basis G, a copy of G. Every element of KtG
can be written uniquely as a ﬁnite K-linear combination of basis elements∑
g∈G kgg¯ with kg ∈ K. The multiplication of KtG is deﬁned distributively
by x¯y¯ = tx
 yxy for all x
 y ∈ G, where t	 G × G → K\0 satisfying
tx
 ytxy
 z = tx
 yzty
 z for all x
 y
 z ∈ G to make KtG an asso-
ciative K-algebra. Without loss of generality, we will always assume that 1¯
is the identity element of KtG. A discussion about this can be found in
[Pas85, pp. 13–l5].
For convenience, we say that a ﬁeld K is absolute if K is algebraic over a
ﬁnite ﬁeld. Otherwise, K is called nonabsolute. It is easy to see that in the
twisted group algebra KtG of a locally ﬁnite group G over an absolute
ﬁeld K, the group of units is always periodic and hence two-related. There-
fore, we will assume that K is nonabsolute when we discuss Problem (I).
Recently, Passman [Pas] found a necessary and sufﬁcient condition for
a twisted group algebra to satisfy a generalized polynomial identity. An
important concept involved is called “stably untwisted.” More precisely, we
say that the twisted group algebra KtG is untwisted if there exists a func-
tion G→ K\0, given by x → dx, such that the elements x˜ = dxx¯ with x ∈
G form a group basis for KtG. Thus x˜y˜ = x˜y for all x
 y ∈ G, and KtG
is isomorphic to the ordinary group algebra KG via this diagonal change
of basis. We say that a twisted group algebra KtG is stably untwisted
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if there exists a ﬁeld F containing K such that FtG ∼= F ⊗K KtG is
untwisted. Also, we say that an element g in G of ﬁnite order n splits in
KtG if there exists some nonzero element c ∈ K such that cg¯n = 1¯.
If K is a ﬁeld of characteristic 0 and G is a locally ﬁnite group, it follows
from [GM, Proposition 3] that either KtG is commutative or UKtG
contains a nonabelian free subgroup. What can we say if K is of charac-
teristic p > 0? [GM, Theorem 4] states that if G is a ﬁnite group and
all p-elements of G split, then either UKtG contains a nonabelian free
subgroup or G has a unique Sylow p-subgroup P and a complement Q such
that G = PQ and KtQ is commutative. In this paper, we generalize this
theorem by removing the condition about the splitting of p-elements, con-
sidering locally ﬁnite groups, and using the stably untwisted concept to give
another characterization of Problem (I) for twisted group algebras.
Theorem 1.1. Let KtG be a twisted group algebra of a group G over a
ﬁeld K of characteristic p > 0. If K is not algebraic over a ﬁnite ﬁeld and G
is countable and locally ﬁnite, then the following are equivalent.
(1) UKtG is two-related.
(2) The commutator subgroup G′ is a p-group and KtG is stably
untwisted.
(3) G has a unique Sylow p-subgroup P and G = PQ for some com-
plement Q with KtQ commutative.
Actually, if G is an arbitrary locally ﬁnite group, then the implications
1 ⇔ 2 and 3 ⇒ 1 still hold. A counterexample for 1 ⇒ 3 can be
found in Remark 2.9.
Problem (II) has been studied extensively in the past decade. Around
1980, Hartley conjectured that if the units of the group algebra KG of a
torsion group G satisfy a group identity, then KG satisﬁes a polynomial
identity. This conjecture has been proved in a series of papers [GJV94,
GSV97, Pas97, Liu99, LP99, GSV00]. Analogous problems for restricted
enveloping algebras, locally ﬁnite algebras, algebraic algebras, and twisted
group algebras were studied in [BRT97, Liu00a, Liu00b]. [BRT97]
relates group identities to nonmatrix identities, namely, the polynomial
identities not satisﬁed by the algebra of 2 by 2 matrices. [RW99] charac-
terizes those group algebras satisfying a nonmatrix identity. In this paper,
we extend the works of [Pas97] and [Liu00a] by using techniques from
[RW99]. Actually, we obtain necessary and sufﬁcient conditions for units
of twisted group algebras to satisfy a group identity.
Theorem 1.2. Let KtG be a twisted group algebra of a group G over a
ﬁeld K. If G is locally ﬁnite and K is inﬁnite with charK = p > 0, then the
following are equivalent.
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(1) UKtG satisﬁes a group identity.
(2) KtG satisﬁes a nonmatrix identity.
(3) G′ is a p-group of bounded period, G has a normal p-abelian sub-
group of ﬁnite index and KtG is stably untwisted.
(4) UKtG satisﬁes x
 ypk = 1.
Note that in the above theorem, we assume that the group G is locally
ﬁnite. This is because we do not know whether Hartley’s problem for
twisted group algebras of torsion groups has a positive solution or not. If
it has an afﬁrmative answer, then Theorem 1.2 holds for the torsion group
case by using the same proof in this paper.
Finally, in the last section of this paper, we include a characterization for
twisted group algebras to satisfy a polynomial identity which is related to
the stably untwisted concept and may have some independent interest.
2. TWO-RELATED GROUPS OF UNITS
In this section, we will prove Theorem 1.1.
The following lemma is [Liu00b, Lemma 5.1].
Lemma 2.1. Let R be an algebraic algebra over a ﬁeld K. Let S be any
homomorphic image of R. Then UR maps onto US.
Since all the algebras we care about in this paper are algebraic, we will
use this lemma freely without referring to it.
Before getting into twisted group algebras, we start our discussion from
a ring theoretic point of view. For matrix rings over ﬁelds, we have the
following well-known result.
Lemma 2.2. Let K be a nonabsolute ﬁeld of characteristic p ≥ 0 and
MnK the algebra of n by n matrices over K. If n ≥ 2, then UMnK
contains a free subgroup of rank 2.
Proof. If p = 0, then the result follows from [San47]. If p > 0, since K
is nonabsolute, K is not algebraic over some ﬁnite ﬁeld F ⊆ K. Let t ∈ K
be any element transcendental over F and a
 b be the matrix units e12
 e21
in MnF. Then a2 = b2 = 0 and ba is not nilpotent in MnF. By [GP96,
Lemma], we see that UMnFt contains the free product of three cyclic
groups of order p. Therefore, UMnK ⊇ UMnFt ∼= UMnFt
contains a free subgroup of rank 2.
Proposition 2.3. Let K be a nonabsolute ﬁeld of characteristic p ≥ 0.
Let R be a locally ﬁnite algebra over K. Suppose UR is two-related and R
is semiprimitive, then R is commutative.
on units of twisted group algebras 275
Proof. First, suppose that R is a division algebra over K. Then for any
nonzero a
 b in R, there exists a ﬁnite dimensional subalgebra S of R such
that a
 b
 a−1
 b−1 ∈ S. Since S is a division algebra and US is two-related,
[Gon84, Lemma 2.0] implies that S is commutative and ab = ba. Therefore,
R is commutative.
Now, suppose R is primitive with faithful irreducible right module V
and let D be the division ring EndRV . By density theorem, if dimD V =
∞, then for each positive integer n, there exists a subalgebra Rn of R
such that Rn has a homomorphic image MnD. Since UR is two-related,
URn and hence UMnD is two-related. This contradicts Lemma 2.2.
Therefore, dimD V < ∞ and R ∼= MnD. UR being two-related implies
that n = 1 and D is commutative.
Finally, suppose that R is semiprimitive. Then R is a subdirect product
of primitive algebras Ri. Each Ri is a homomorphic image of R and hence
URi is two-related. By the previous paragraph, each Ri is commutative
and this shows that R is commutative.
Now we start to consider twisted group algebras.
We record [Pas, Lemma 4.1], which describes criteria for twisted group
algebras to be untwisted or stably untwisted.
Lemma 2.4. KtG is untwisted if and only if there exists a K-algebra
homomorphism ρ	 KtG → K. KtG is stably untwisted if and only if there
exists a K-algebra homomorphism ρ	 KtG → R with R a commutative
K-algebra.
Lemma 2.5. Let KtG be a twisted group algebra of a locally ﬁnite group
G over a nonabsolute ﬁeld K of characteristic p ≥ 0. Then UKtG is
two-related if and only if G′ is a p-group and KtG is stably untwisted.
Proof. For convenience, write R = KtG and J = JR be the Jacobson
radical of R. Suppose that UR is two-related, then S = R/J is semiprim-
itive, locally ﬁnite, and US is two-related since UR maps onto US.
By Proposition 2.3, S is commutative. Therefore KtG = R is stably
untwisted by Lemma 2.4. Let x = ∏ni=1xi
 yi be any element of G′. Then∏n
i=1x¯i
 y¯i + J = 1¯+ J since S is commutative. Note that J is nil since R
is locally ﬁnite. So ∏ni=1x¯i
 y¯i − 1¯pk = 0 for some integer k. This implies
that xp
k = 1 and G′ is a p-group.
Conversely, suppose that G′ is a p-group and KtG is stably untwisted.
Then there exists a ﬁeld F containing K such that FtG = FG is an
ordinary group algebra via a diagonal change of basis. Now G′ is a locally
ﬁnite p-group, so I = ωFG′FG is a nil ideal of FG, where ωFG′
is the augmentation ideal of FG′. From FG/I ∼= FG/G′, we see that
u
 v + I = 1 + I for any u
 v in UFtG. It follows that u
 v is a
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p-element and UFtG is two-related. In particular, UKtG is two-
related.
To prove 1 ⇒ 3 of Theorem 1.1, we need a lemma which is due to
Schenkman [KNdV61, p. 304].
Lemma 2.6. Suppose thatG is a countable, periodic, locally solvable group
and p is a prime. Then there exists a Sylow p-subgroup P and a Sylow
p′-subgroup Q such that G = PQ.
With this at hand, we can prove
Lemma 2.7. Let KtG be a twisted group algebra of a countable, locally
ﬁnite group G over a nonabsolute ﬁeld K of characteristic p > 0. If UKtG
is two-related, then G has a unique normal Sylow p-subgroup P and G =
PQ for some p′-subgroup Q with KtQ commutative.
Proof. We ﬁrst prove the case when G is ﬁnite. Since UKtG is two-
related, G′ is a p-group by Lemma 2.5. Because G is ﬁnite, G′ is contained
in some Sylow p-subgroup P of G. This implies that P is normal in G and
hence is the unique Sylow p-subgroup of G. Note that G is solvable because
G′ is a p-group. By Hall’s theorem, G = PQ for some p′-subgroup Q.
Now KtQ is ﬁnite dimensional and semiprimitive by [Pas01, Corollary 2],
UKtQ being two-related implies that KtQ is commutative by Propo-
sition 2.3.
Now let G be a countable, locally ﬁnite group. We would like to show
that G has a unique Sylow p-subgroup. Let P be the set of p-elements
of G. For any two elements x
 y in P
H = x
 y is ﬁnite. By the previous
case, H has a unique Sylow p-subgroup S. Note that every p-element in
H is contained in some Sylow p-subgroup and hence contained in S. Since
x
 y are p-elements in H
x
 y are in S and xy is a p-element since S is
a p-group. This implies that P forms a subgroup and is the unique Sylow
p-subgroup of G.
Since G′ is a p-group, it is easy to see that G is locally solvable. Applying
Lemma 2.6, we can ﬁnd a Sylow p-subgroup T and a Sylow p′-subgroup Q
such that G = TQ. But the Sylow p-subgroup of G is unique, we see that
T = P
G = PQ, and G = PQ.
Finally, for any two elements α
β in KtQ, we can ﬁnd a ﬁnite subgroup
H such that α
β ∈ KtH. UKtH being two-related implies that KtH
is commutative by the ﬁnite group case. Therefore, αβ = βα and KtQ is
commutative.
Lemma 2.8. Let KtG be a twisted group algebra of a locally ﬁnite group
G over a ﬁeld K of characteristic p > 0. If G has a unique normal Sylow
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p-subgroup P and G = PQ for some complement Q with KtQ commu-
tative, then UKtG is two-related. Moreover, if G is ﬁnite, then UKtG
satisﬁes x
 ypk = 1 for some integer k.
Proof. We ﬁrst prove the case when G is ﬁnite. Write J = JKtP,
the Jacobson radical of KtP. By [Pas89, p. 153, Lemma 16.3], KtP/J
is a purely inseparable ﬁnite ﬁeld extension of K. Since P  G and J is
nilpotent, I = J ·KtG is a nilpotent ideal of KtG. We want to show that
KtG/I is commutative.
We claim that for any α∈KtP
 α + I is central in KtG/I. For any
group element g∈G, we have a K-algebra automorphism θ	 KtP/J →
KtP/J given by α + J → g¯−1αg¯ + J since P  G. But KtP/J is a
purely inseparable ﬁnite ﬁeld extension of K, so the only automorphism of
KtP/J is the identity map. Therefore, α+ J = θα+ J = g¯−1αg¯+ J and
α− g¯−1αg¯ ∈ J ⊆ I. We see that αg¯+ I = g¯α+ I and α+ I is central since
g is any element in G.
Now let α
β be any two elements in KtG. Since G = PQ with P ∩
Q = 1, we can write α = ∑i αig¯i and β = ∑j βjh¯j , where αi
 βj ∈ KtP,
and gi
 hj ∈ Q. Since any αig¯i + I is central in KtG/I, and KtQ is
commutative, we see that
αβ+ I =∑
i
∑
j
αig¯iβjh¯j + I =
∑
j
∑
i
βjαig¯ih¯j + I
=∑
j
∑
i
βjh¯jαig¯i + I = βα+ I
It follows that KtG/I is commutative and this implies that UKtG
satisﬁes x
 ypk = 1 for some integer k since I is nilpotent. Therefore, the
ﬁnite group case has been settled.
Now let us assume that G is locally ﬁnite. For any element g in G =
PQ, write g = g1g2, where g1 ∈ P and g2 ∈ Q. For any two units u
 v in
UKtG, let W = Suppu ∪ Suppv ∪ Suppu−1 ∪ Suppv−1 and H =
g1
 g2 " g ∈ W . Then H is a ﬁnite subgroup of G and u
 v ∈ UKtH.
Let C = H ∩ P and D = g2 " g ∈ W . We see that C is normal in H
and D ⊆ Q is an abelian p′-subgroup of H. Note that H = g1
 g2 " g ∈
W  ⊆ CD ⊆ H. Therefore H = CD and C ∩ D ⊆ P ∩ Q = 1. It follows
that H = CD, where C is the unique normal Sylow p-subgroup of H and
KtD ⊆ KtQ is commutative. Now we can apply the previous case to
conclude that u
 vpk = 1 for some k and hence UKtG is two-related.
Lemmas 2.5, 2.7, and 2.8 clearly yield Theorem 1.1.
Remark 29 The countable condition on the group G in Theorem 1.1
for 1 ⇒ 3 cannot be dropped. In [KNdV61], Kova´cs et al. constructed
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an uncountable, metabelian group G of exponent 6 such that the set
P of all 3-elements forms the unique Sylow 3-subgroup, which has no
complement in G. For readers’ convenience, we describe their construc-
tion here. Let  be the set of positive integers. For every i ∈ , let
Ai = a
 b " a2 = b3 = ab2 = 1, the symmetric group on three letters.
Then the Cartesian product(unrestricted direct product) C = Cri∈Ai is
uncountable and the (restricted) direct product D = Dri∈Ai is countable.
They carefully chose uncountably many elements in C\D and the desired
group G is the group generated by D and these elements. More pre-
cisely, let / be the set of all subsets σ of  satisfying the following three
conditions:
(i) 1 ∈ σ ;
(ii) if i ∈ σ and i < j < 2i, then j #∈ σ ;
(iii) if i ∈ σ , then 2i ∈ σ or 2i+ 1 ∈ σ .
For each σ ∈ /, let gσ be the element in C such that
(i) if i ∈ σ and 2i ∈ σ , then gσi = a;
(ii) if i ∈ σ and 2i+ 1 ∈ σ , then gσi = ab;
(iii) if i #∈ σ , then gσi = 1.
Then G = D
gσ " σ ∈ / is the desired group. It is not hard to show
that all 2-subgroups of G are abelian. Let K be any nonabsolute ﬁeld of
characteristic 3 and consider the ordinary group algebra KG. Since G
is periodic and metabelian, it is locally ﬁnite. Then any two units u
 v of
KG are contained in UKH for some ﬁnite subgroup H. It is easy
to see that T = P ∩ H is the unique Sylow 3-subgroup of H and has a
complement Q in H. It follows that Q is a two-subgroup of G and hence
abelian. Therefore, UKH satisﬁes u
 vpk = 1 for some k by Lemma
2.8 and UKG is two-related. We see that 1 #⇒ 3 since the unique
Sylow 3-subgroup P of G has no complement in G as shown in [KNdV61].
3. GROUP IDENTITIES
Our goal in this section is to prove Theorem 1.2. First we record a fact
about an algebraic algebra whose units satisfy a group identity.
Lemma 3.1. Let R be an algebra over an inﬁnite ﬁeld K. Suppose that
UR satisﬁes a group identity w = 1 and R is algebraic over K. Then R
satisﬁes a nonmatrix identity.
Proof. Let N = NilR be the nil radical of R. Since UR maps onto
UR/N, UR/N also satisﬁes w = 1. Note that R/N is algebraic over K
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and semiprime. By [Liu00b, Theorem 5.6], R/N is commutative. Since
K +N is a nil-generated algebra over an inﬁnite ﬁeld K, a result of Billig
et al. [BRT97, Theorem 1.3] shows that K+N satisﬁes a nonmatrix identity
f x1
    
 xn = 0. Therefore, f x1
 y1z1
    
 xn
 ynzn = 0 is a poly-
nomial identity of R. This is also a nonmatrix identity because for any
r ∈M2K
 r = e12
 e21e11 − e22r.
We need a group-theoretic lemma.
Lemma 3.2. Let G be a group such that all commutators x
 y
 x
 y ∈ G
have bounded exponent d. If G′ is solvable with derived length n, then G′ has
bounded exponent dn.
Proof. For 1 ≤ i ≤ n
Gi/Gi+1 is abelian with generators of bounded
exponent d. Therefore,Gi/Gi+1 has bounded exponent d. SinceGn+1 =
1, it is easy to see that G′ has bounded exponent dn.
We start to consider twisted group algebras.
Lemma 3.3. Let KtG be a twisted group algebra of a torsion group G
over a ﬁeld K of characteristic p > 0. If KtG satisﬁes a nonmatrix identity
of degree n, then G has a characteristic p-abelian subgroup A such that G 	
A · "A′" is bounded by a ﬁxed function of n
G′ is a p-group of bounded
period, and KtA is stably untwisted.
Proof. Let J = JKtG be the Jacobson radical of KtG. Since KtG
satisﬁes a nonmatrix identity, from the proof of [RW99, Proposition 2.1],
we see that KtG/J is commutative and KtG satisﬁes an identity of the
form x
 yzm = 0. By Lemma 2.4, KtG is stably untwisted and there
exists a ﬁeld F ⊇ K such that FtG ∼= FG. Since KtG satisﬁes a poly-
nomial identity of degree n, it satisﬁes a multilinear polynomial identity
of degree ≤ n, so does F ⊗ KtG ∼= FtG ∼= FG. By [Pas85, Theorem
5.3.9], G has a characteristic p-abelian subgroup A such that G 	 A · "A′"
is bounded by a ﬁxed function of n.
It remains to show that G′ is a p-group of bounded period. Note that
G is locally ﬁnite because G is torsion and p-abelian is ﬁnite. It follows
that J is nil. Since KtG/J is commutative, G′ is a p-group. Since KtG
satisﬁes x
 yzm = 0, all the commutators g
 h
 g
 h ∈ G have bounded
period pk ≥ m for some integer k. Let B = G′ ∩A. We see that B′ ⊆ A′
 B′
is a ﬁnite p-group and hence B is solvable. Also, G′/B ∼= AG′/A ⊆ G/A
implies that G′/B is a ﬁnite p-group. Therefore, G′ is solvable of derived
length ≤ G 	 A + "A′" + 1. By Lemma 3.2, G′ has bounded period ≤
pkG	A+"A
′ "+1.
Now we can quickly prove Theorem 1.2.
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Proof of Theorem 12 The implication 1 ⇒ 2 follows from Lemma
3.1 since KtG is locally ﬁnite. The implication 2 ⇒ 3 is Lemma 3.3.
Now we consider 3 ⇒ 4. Since KtG is stably untwisted, there exists
a ﬁeld F containing K such that FtG ∼= FG is an ordinary group algebra
via a diagonal change of basis. By the theorem on units of ordinary group
algebras [Pas97, Theorem 1.1], UFtG and hence UKtG satisﬁes
x
 ypk = 1 for some integer k.
The implication 4 ⇒ 1 is obvious.
4. POLYNOMIAL IDENTITIES
Twisted group algebras satisfying a polynomial identity have been clas-
siﬁed by Passman [Pas71]. Motivated by the results about twisted group
algebras satisfying a generalized polynomial identity [Pas], we modiﬁed the
original characterization by using the stably untwisted concept.
Theorem 4.1. Let KtG be a twisted group algebra of a group G over a
ﬁeld K of characteristic p ≥ 0.
(1) If KtG satisﬁes a polynomial identity of degree n, then G has a
p-abelian subgroup A of ﬁnite index with KtA stably untwisted and G 	
A · "A′" is bounded by a ﬁxed function of n.
(2) If G has a p-abelian subgroup A of ﬁnite index with KtA stably
untwisted, then KtG satisﬁes the standard polynomial identity sn with n =
2G 	 A · "A′".
Proof. For (1), if charK = 0, it follows from [Pas71, Corollary 1.5] that
G has an abelian subgroup A such that G 	 A is bounded by a ﬁxed
function of n and KtA is commutative. Hence KtA is stably untwisted
by Lemma 2.4. If charK = p > 0, from the proofs of [Pas71, Theorem
1.4 and Corollary 1.6], G has subgroups A
B such that B is ﬁnite and
central in A
A′ ⊆ B, and KtA/JKtB ·KtA is commutative. Since
JKtB · KtA is nilpotent, A′ is a ﬁnite p-group and KtA is stably
untwisted by Lemma 2.4.
For (2), since KtA is stably untwisted, there exists a ﬁeld F contain-
ing K such that FtA ∼= FA is an ordinary group algebra. Let X =
x1
    
 xa be a set of transversal for A in G. We use this to construct
an embedding ηX from FtG into MaFtA ∼= MaFA as in [Pas85,
Lemma 5.1.10]. More precisely, ηX is given by ηX 	 α → πAx¯iαx¯−1j ,
where πA is the natural linear projection map from FtG to FtA
with πA
∑
g∈G cgg¯ =
∑
g∈A cgg¯. Now, since FtA ∼= FA is an ordi-
nary group algebra, the proof of [Pas85, Lemma 5.1.13] applies to show
that MaFA satisﬁes snζ1
    
 ζn with n = 2G 	 A · "A′". Therefore,
KtG ⊆ FtG ⊆MaFA also satisﬁes sn.
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